From standart courses of quantum electrodynamics it is well known (see, for example, Ref. [1] ) that particles with spin equal to integer number ofh/2 possess a Fermi statistics, which means a Pauli exclusion principle for occupation of one quantum state by particle and antisymmetry constraint for the wave function for gas of identical ones. In the same time, for 2D systems there is opportunity to introduce this property of fermion symmetry into Hamiltonian. This can be done in concept of anyons. The basic idea of concept in that for 2D dimension the topology of configuration space of particles allows for fractional statistics [2] , characterized by a continuous parameter ν, that may attain values between 0 (for bosons) and 1 (for fermions), thus 2D particles are called anyons [3] . Particles in this treatment are presumed spinless.
The goal of present paper to study a simultaneous effect of spins and fractional statistics and we will show that a valueh/2 is, in some sense, crucial for 2D systems. We introduce in the Hamiltonian of anyon gas the Zeeman term of an interaction of spins of particles with magnetic field [4, 5] induced by anyon vector potential, i.e. statistical magnetic field. A calculation of an expectation value for ground state energy will be performed in the framework of variational approach with cut-off parameter regularization [6, 7] , which we developed recently. As mentioned above the spinh/2 relates to fermions, therefore, we restrict ourselves by consideration of these particles. Though, formally, it is correct for anyons with arbitrary ν = 0 if they might have this value for spin.
Let us consider the gas of N anyons of mass M and charge e confined to a 2D parabolic well, interacting through Coulomb repulsions, and in the presence of uniform positive background. The Hamiltonian is given bŷ
Here r k and p k represent the position and momentum operators of the kth anyon in two space dimensions,
is the anyon gauge vector potential [8, 9] , r kj = r k − r j , and e z is the unit vector normal to the 2D plane. The factor ν determines the fractional statistics of anyon: it varies between ν = 0 (bosons) and ν = 1 (fermions) and
is contribution to the energy from positive background [10] . In Eq.(3) S is the area of system, S = πR 2 0 , with radius R 0 and n o is the 2D carrier density. In paper [6] we have employed a variational scheme by minimizing the expression for the total energy
in order to find an analytic expression for the ground state energy as a function of parameters of system. Here a trial wave function Ψ T ( R) depends on the configuration R = { r 1 .... r N } of the N anyons. In the bosonic representation of anyons the many-body wave function takes the product form (motivation to this see Ref. [6] )
to adopt the single-particle trial functions ψ T ( r k ) in the form
Here C is a normalization constant and α a variational parameter. To include the external confining potential we identify L with the characteristic length (h/Mω 0 ) 1/2 of this harmonic oscillator. When energies are expressed in units ofhω 0 =h 2 /(ML 2 ) and lengths in units of L the normalized trial wave function reads
To calculate the ground state energy of infinite Coulomb anyon gas in paper [7] we do the harmonic potential regularization. If we omit a potential V ( r k ), Eq. (3), then the Hamiltonian, Eq. (1), describes the confined anyon gas with Coulomb interaction. Now we introduce in the Hamiltonian the term
with statistical magnetic field [4, 5] 
which can be derived if calculates b k = ∇ × A ν ( r k ) by using Eq. (2). This calculation is not difficult but requires a some neatness (b ∼ δ (2) (r)/r was obtained in [11] ). The sign in Eq. (8) is taken for electrons with charge e = −|e|. It is chosen to minimize the energy [12] . For holes with charge e = |e| we need to change a sign for ν in Eqs. (2) and (9), and Eq. (8) , as also the expectation value for energy, Eq. (12), retain the sign.
If we take s z =h/2 and take into account that length unit is L, so δ (2) ( r) should be replaced by
The calculation of expectation value Eq. (4) when Hamiltonian is only the term, Eq. (10), and wave function Ψ T ( R), Eq. (7), gives (we omit a factorh
The total expectation value for energy, Eq. (4), including all terms of Eq. (1) is
where the term for M is responsible for Coulomb interaction (see Refs. [6, 7] ). As in many approximate treatments of ground state of anyons in harmonic confining potential based on bosonic representation (see references in Ref. [6] ) our expression for N reveals a logarithmic divergence when two particles come up to each other. We did in [6] a cut-off parameter regularization of N and found a view, N = 1 + ν(N − 1), of it. This expression for N had a success in the description not only of ground state energy of anyons in the harmonic potential but also with Coulomb interaction in the same potential [6] and even for infinite Coulomb anyon gas [7] . Substituting N into expectation value for energy E, Eq. (12), we see the exact cancellation of terms containing the ν factor. This can be achiaved also putting in the formula for ground state energy ν = 0, i.e. the case of bosons. As the energy of bosons is lower than one for fermions, there appears a coupling of spin with statistical magnetic field for every particle or bosonization of 2D fermions. From Eq. (12) one can see that this occurs for any value of ν. We do not know, whether would have the anyon, except of fermion, a spinh/2 or not, but if it would have, so it would bosonize.
For futher evoluation of this observation we do a presumption, which might lead from fact of coupling. There might exist a fluctuation of spins coupled to magnetic field. Hence, the bosons might reveal an effective spin and look like as Fermi particles. However, Fermi gases with different spins can be viewed as independent [13] . Thus, we presume that in the zero order approximation the spins of bosons interact with each other and do not interact with spins of another fermions if they exist in the system. Interaction of spins might take place inside of some length-spin correlation radius, which for temperature T = 0 we denote as ξ o . The final feature of this model might be a destruction of spin and magnetic field coupling at the increasing of spin fluctuation, when bosons become the fermions. This would occur when the gain in the energy of bosons due to fluctuation is equal to energy difference between the Fermi and Bose ground states.
The interaction term of boson spins in the Hamiltonian we bring in the form
Here r o is mean distance between particles. We introduced in this expression a factor e −ro/ξo , which takes into account the exchange character of interaction of spins [14] . However, if the typical scale of ξ o is the nearest interatom distance, for our sreened by magnetic field spins ξ o is to be assumed phenomenological and taken from experiment.
For the T = 0 case a following argument allow us to establish the explicit view of Eq. (13). The boson ground state energy was obtained when the term, Eq. (8), was included in the Hamiltonian. To get again the fermion ground state energy, we need to cancel it. Therefore, for dense (r o < ξ o ) boson gas there should beˆ s k+δ = −h b k /M. Comparing with Eq. (9) we see that the summation index δ includes all N − 1 numbers of index j.
The expression for the Hamiltonian of bosonized infinite anyon Coulomb gas with interaction of spins iŝ
We bring here the result of Ref. [7] . After harmonic potential regularization we have obtained in it the approximate formula for ground state energy of Coulomb anyon gas. For densities of gas with r s > 2, where r s is r o in Bohr radius, a B =h 2 /Me 2 , the energy, with accuracy (comparing with result for spin polarized electrons [15] ), which slowly grows when r s descreases, less than 15% around r s ≈ 2 for the case of fermions, is described by expression
Here Ry is Rydberg energy unit, Ry = Me 4 /(2h 2 ), and
In Eqs. (15) and (16) c W C = 3.2903 and c BL = 1.2934. As we see below (Fig. 2) , for the example of high-T c SC, actual for us will be the region r s > 9, where we can put f (ν, r s ) ≈ f (ν = 0, r s ). The ground state energy for Bose gas is obtained in Eq. (15) at ν = 0 and for Fermi gas at ν = 1. The calculation, according [7] , with Hamiltonian, Eq. (14), gives at the same region of r s the expression Eq. (15) for ground state energy of bosonized anyons, where one need to replace ν by νe −rs/ξo and ξ o is in a B units. We put now ν = 1 and consider the bosonized fermions. To become the pure fermions they need to overcome the energy difference
We need specially to emphasize here that this, as also [7] , approaches correspond to ground state of spinless or fully spin polarized fermions (electrons). It would be preferable to deal with one of normal, i.e. with no spin polarized, electron liquid. However, the difference in their ground state energy is essentially lower [15] than accuracy of these calculations. We apply the model for possible clarification of summarized experimental phase diagram of hole doped high-T c superconductors, which was recently proposed by Tallon and Loram [16] . It is belived that main contribution into high-T c SC is provided by ab planes of set of CuO 2 atoms and therefore, 2D is resposible for it. The SC state occurs when holes transit into BEC. We note that for the ideal 2D systems BEC can exist only at T = 0 [17] . At T = 0 the evoluation of fluctuation for the order parameter destroys BEC. However, if 2D gas is situated inside of third dimension this evoluation is suppressed (with respect to SC see book of Abrikosov [18] 
The experimental values for energy are expressed in Kelvin temperature, K, units. To be sure in the correctness of our 2D density of holes, we express it in cm −2 units and compare with experiment. For elementary structural cell of almost all cuprate ab planes a = 3.81Å and b = 3.89Å. Assuming that it has one atom of Cu with p fraction of hole, the density is n ab = N ab · p cm −2 , where N ab is number of elementary cells per 1cm 2 square. We have n ab = 6.7472 · p · 10 14 cm −2 , from where n s ∼ p. At the optimal doping of holes, p ≈ 0.16, we compare n ab with experimental one of [19] . In it for Y-123 compound the square of three dimensional plasma frequency, being expressed in square of wave number units, for SC carriers has a value 1.1 · 10 8 cm −2 . We find the density of holes per 1 cm 3 and then, assuming that for Y-123 compound there are two CuO 2 planes [20] per elementary cell, responsible for SC, and in the c axis the spacing is c = 11.7Å, transform it into 2D n exp ab = 0.913710 14 cm −2 . Our optimal doping value for n ab is 1.0795 · 10 14 cm −2 . Therefore, typical density for SC carriers for the optimal doping state is ∼ 10 14 cm −2 . From the experiment [19] also leads important information about approximate equality of SC carriers density to whole one. Thus, we can bring n ab as SC density. A comparison of this value for n ab with n F QHE ∼ 10 11 ÷ 10 12 cm −2 for Fractional Quantum Hall Effect (FQHE) experiment [21] shows importantness of the pure, not screened, Coulomb potential interaction, which is essence of FQHE [10] , for high-T c SC. The screened potential is supposed to be as justification [22] for the treatments based on the Hubbard model.
On the Fig. 1 we present the summarized curve for pseudogap boundary energy E g ( dependence has the qualitatively different view than experimental one, it is in accordance with the conclusion of Tallon and Loram that E g , being going to zero at the critical doping concentrate p c ≈ 0.19, separates BEC into two parts, where in first one the density of SC providing pairs is small. As we see from the figure the magnitude of this and experimental diagrams has the same order. We would like to note that, apparently, it is the first estimate for BEC energy of canonical bosons, which can be appropriate for experiments of SC. Fig. 2 demonstrates the p dependences of r s and ξ o . The spin correlation radius ξ o becomes to be sharply increased when p approaches p c , which might mean the vicinity of PT, where many and many spins of bosons are involved in correlation process before the transforming of them into fermions. We establish a correspondence with second important conclusion of Tallon and Loram that "the pseudogap is intimately connected with (though not equivalent to) short-range Anti Ferromagnetic (AF) correlations, which disappear at the same critical doping state" (p c ), and result shown in Fig. 2 . The paper [16] shows that experimental short-range AF correlations scale like E g (p) dependence and vanish at p c (see Fig. 6 of this paper). It was also suggested in Ref. [16] that two these quantities are the temperature independent. Our treatment is not for the temperature T = 0. However, last remark allow us to do the connection between short-range AF correlations and correlation radius ξ o . The presumption about correlation of spins of bosons, would mean that there would exist the competing of this correlation with AF correlations, where nature of last one is the spin interaction of closely situated fermions. Increasing of correlation radius ξ o would lead to revealing the fermi like spin correlation of bosons in the extended region of sample and thus, assuming that in the first order approximation these spins now interact with ones of fermions, to suppressing of short-range AF correlations inside of this region. From this a disappearing of AF correlations at p c , where ξ o goes to infinity, would be natural and might be considered as indirect indication of destruction of BEC from canonical bosons. Mathematically the short-range AF correlations will be proportional to 1/ξ o (p), because E g (p) ∼ 1/ξ o (p). One might suppose that the interaction of spins of fermions with statistical magnetic field (as well as the statistical magnetic field itself) of anyons would have a hidden character and might not be revealed obviously in the experiment. In this case, the described experimental behaviour of short-range AF correlations might be also the implicit indication of existing of the statistical magnetic field.
Next conclusion of Tallon and Loram paper [16] is an independence of pseudogap boundary energy E g and phase digram for BEC. As we said above, in our treatment, without E g , ∆ [20] , according to our approach we should been obtain the similar T c,max for all of them. The value for T c,max depends also from number of CuO 2 planes in the elementary cell [20] . We have considered the sample with one plane in the hoping that E g (p) takes effectively into account this factor.
Here we would like to say some words about possible scenario for phase diagram of high-T C SC, which might be derived from this model. Due to vicinity of structural PT to superconducting state in the cuprate materials at the concentration of holes below optimal [20] , we might do a hypothesis that the induced by it the mechanical strain would strengthen a quadratic striction and therefore, the PT into BEC would be not a second order, as it should be, but first, close to second one [24] . For this case a pseudogap regime would find natural interpretation. It would correspond to metastable phase of bosons. At pseudogap boundary E g bosons would finally undergo PT into fermions. The critical concentration p c , at which the pseudogap energy E g is zero, would be considered as critical point of first order PT. The first order PT scenario is possibly consistent with recent experimental observations of coexistence of pseudogap and superconducting phases described in the review of Pines [25] , because typically the coexistence of equilibrium phases exists in this order of PT [26] . In our case these phases would be the small islands of metastable phase of bosons and BEC situated in close area to BEC boundary in the phase diagram. For electron doped materials one may suppose that there is no structural phase transirion. Therefore, the PT into BEC would have a pure second order, which is possibly seen in the experiments. At last, the hypothesis might clarify the possible independence of pseduogap energy E g and BEC suggested in paper [16] . As was said above the boundary E g would be connected with mechanical strain property of cuprate materials, while condensation into BEC with coupling of spins of fermions with statistical magnetic field. However, the spin correlation of bosons, which is to be governed by E g and suppresses the BEC, might be implicitly relate two these quantities.
Now about the spectrum of collective excitations. The expression for it, which for 2D Coulomb Bose gas can be obtained in the Bogoliubov approximation [7] and [27] , has the form
First term inside of square root of Eq. (18) is a square of energy quanta for plasmon oscillations for 2D Coulomb gas. The spectrum of collective excitations ǫ k has no gap at small wave vectors k and therefore, can not be responsible for SC. SC is provided by particles in the BEC. On the other hand, one might expect that the bosons with effective spin inside of correlation radius ξ o (p) and obeying the relation Eq. (18) at big wave vectors k are not the Fermi liquid quasiparticles like. We considered the effect of bosonization of 2D fermions for the instance of high-T c SC. One might presume that it would be important for any 2D fermion gas. FQHE, gas of isotopes He 3 and many other objects might be affected by this effect.
As summary we have introduced in the Hamiltonian of anyon gas the Zeeman term of an interaction of spins s z =h/2 of particles with magnetic field induced by anyon vector potential, i.e. statistical magnetic field. A calculation of an expectation value for ground state energy in the framework of variational approach with cut-off parameter regularization has exhibited the cancellation of terms connected with fractional statistics, which might be mean the bozonization of anyons due to a coupling of their spins with statistical magnetic field. For fermions, as the particular case of anyons, we have applied it for the possible crarification of summarized phase diagram of high-T c SC suggested by Tallon and Loram for the region below preudogap E g . Additionally to Zeeman term we have phenomenologically introduced in Hamiltonian the term, which was responsible for the correlation of effective spins of bosons, and connected it with E g . The obtained phase diagram has been quantitatively close to experimental one, while model qualitatively described conclusions made in paper of Tallon and Loram. 
